Hepatic coccidiosis, usually caused by a member of the genus Eimeria, is common in rabbits but rare in other mammals. We describe the first reported case of naturally occurring hepatic coccidiosis in a goat. An approximately 6-month-old crossbred goat was presented with a history of diarrhea for 1 week and death. The liver had grossly visible, coalescing foci of necrosis measuring up to 6 cm in greatest dimension. Microscopically, areas of coagulative necrosis also had ectatic and hyperplastic bile ducts that contained coccidial meronts, macrogamonts, and microgamonts within the cytoplasm of epithelial cells. Bile duct lumina contained scattered oocysts. Fibrosis and aggregates of lymphocytes surrounded affected ducts. Microscopic and ultrastructural characteristics of coccidian stages were compatible with the genus Eimeria, but the species could not be determined. The small intestine also had coccidiosis; however, it was unclear whether or not the same coccidian species affected both the liver and the intestine.
Hepatic coccidiosis, usually caused by a member of the genus Eimeria, is common in rabbits but rare in other mammals. Eimeria stiedae, the cause in rabbits, preferentially replicates in bile duct epithelium.6 In contrast, infection of biliary epithelium by Eimeria sp. in other mammals is usually considered aberrant and often coincides with intestinal coccidiosis. Naturally occurring hepatic coccidiosis has been reported in a calf, a dog, and Experimentally induced hepatic coccidiosis was reported in five goats that were orally dosed with sporulated Eimeria oocysts, but the species was not stated. Organisms from the bile were identified as Eimeria ninakohlyakimovae. Iz Another reported case of coccidiosis in a goat involved the gall bladder but not intra-or extrahepatic bile This paper is the first report of naturally occurring hepatic coccidiosis in a goat. This goat had unique liver lesions not previously described in cases of hepatic coccidiosis in mammals.
A neutered male goat, reported to be approximately 6 months old and a crossbred, weighing 7.5 kg, died en route to the Large Animal Teaching Hospital, School of Veterinary Medicine, Purdue University (West Lafayette, IN). The goat had persistent diarrhea since purchase at a sale barn 7 days before and was recumbent and lethargic for 24 hours preceding death.
At necropsy, the skin lacked elasticity and the eyes were sunken, indicative of marked dehydration. The hepatic capsular surface had multiple, up to 6 cm in greatest dimension, irregularly shaped foci that were pale, mottled red, and slightly depressed. The borders of these foci were well demarcated by narrow red zones ( Fig. 1 ). On section, these foci extended into the hepatic parenchyma, were friable, and contained scattered small hemorrhages. Approximately 40% of the hepatic parenchyma was necrotic. The jejunum had a segmental enteritis affecting approximately one-half of its length. Segments were up to 15 cm in length and had numerous, small (0.5-2.0 mm), round, slightly elevated foci on the mucosal surface that were visible from the serosa. Intestinal lesions were compatible with enteric coccidiosis in goats. The jejunum was dilated and contained semifluid material and multiple cestodes (Moniezia sp.).
Liver and small intestine were fixed in 10% neutral-buffered formalin, paraffin-embedded, sectioned, and stained with hematoxylin and eosin and periodic acid-Schiff (PAS) stains. Formalin-fixed liver specimens were postfixed in osmium tetroxide, embedded in epoxy resin, thin-sectioned, and stained with uranyl acetate and lead citrate for transmission electron microscopy. Dimensions of coccidian stages were determined on tissue sections using an ocular micrometer. Samples of liver were submitted for aerobic and anaerobic bacteriology.
Microscopically, the liver had hyperplastic bile ducts with numerous intraepithelial asexual and sexual coccidial stages. Bile duct epithelium was hyperplastic, folded, and projected into mildly to moderately ectatic lumina. Sloughed, degen- erate epithelial cells, debris, and occasional oocysts filled many of these lumina. Bile ducts were compressed occasionally by abundant fibrous connective tissue and dense aggregates of lymphocytes and plasma cells that expanded portal and penportal areas (Fig. 2 ). Surrounding many affected portal areas were large, irregular foci of necrosis that often included many adjacent lobules. Margins of these areas of necrosis were sharply demarcated from normal hepatic parenchyma, sometimes followed perilobular connective tissue, and often were rimmed by a zone of hemorrhage. Small foci of hemorrhage were also scattered within areas of necrosis.
Bile duct epithelium in affected areas contained intracytoplasmic coccidian meronts, macrogamonts, and microgamonts ( Fig. 3) . Few oocysts were in luminal debris. Meronts were elongated ovals and contained up to 16 crescent-shaped merozoites that occupied approximately two-thirds of the length of the meront in random or head-to-tail orientation. Merozoites had pointed anterior ends, rounded posterior ends, and nuclei that spanned the entire width of the posterior ends. In addition to merozoites, some meronts also contained a residual body. Macrogamonts were oval-shaped with densely packed, eosinophilic, cytoplasmic granules. Microgamonts were nearly round with marginated basophilic granules around a light pink hyalinized center. Oocysts were oval and light gold-brown and lacked micropylar caps. With PAS stains, sexual stages were bright red (positive), while merozoites were negative. Approximate sizes of organisms are listed in Table 1 .
In the jejunum, clusters of villous enterocytes, predominantly on villus tips, were degenerate or necrotic in association with intracytoplasmic coccidian macrogamonts, microgamonts, and merozoites. The grossly thickened, nodular mucosa was produced by enterocyte hyperplasia and increased cell size due to intracytoplasmic coccidia. Subjacent lamina propria contained increased numbers of lymphocytes.
Intestinal coccidian stages were similar in morphology to those in the liver but tended to be larger (see Table 1 ).
Ultrastructurally, both sexual and asexual coccidian stages were observed within cytoplasmic parasitophorous vacuoles in bile duct epithelial cells. Meronts were ovoid and contained multiple merozoites and a single residual body. Merozoites had apicomplexan features including a trilayered plasmalemma, a polar ring, a prominent conoid, subpellicular microtubules, a few rhoptries in the anterior portion, and numerous micronemes in the anterior half of the meront (Fig. 4 ). Macrogametes contained characteristic round, electron-dense, type I wall-forming bodies; honey comb-like type I1 wall-forming bodies; and cleft-like canaliculi. Scattered in the macrogamete cytoplasm were mitochondria, lipid vacuoles, and amylopectin ( Fig. 5 ). No microgamonts, microgametes, or oocysts were observed by electron microscopy.
Escherichia coli and Enterococcus sp. were isolated from the liver. No organisms were isolated using conventional anaerobic culture techniques.
Based on laboratory findings, a diagnosis of intestinal and hepatic coccidiosis was made. Marked dehydration and extensive hepatic necrosis were likely important contributors to death.
The gross liver lesions in this goat were unique among reported cases of hepatic coccidiosis in mammals. In this goat, gross lesions consisted of well-delineated, coalescing areas of hepatic necrosis without obvious biliary enlargement. In contrast, rabbits, mink, and goats with hepatic or 22.0 + 3.5 17 biliary coccidiosis had gross lesions consisting of biliary enlargement with periductal fibrosis, appearing as circular nodules or cords within an enlarged liver or as enlarged tortuous extrahepatic bile ducts.24,6J2 In a dog and a calf with hepatic coccidiosis, livers were enlarged by bile ducts that were not sufficiently enlarged to be grossly recognizable. The cause of the large foci of hepatic necrosis in this goat is unknown. Because areas of necrosis surrounded the most heavily parasitized bile ducts, it is probable that one or more of the stages of the organisms, either directly or indirectly, caused hepatocyte necrosis. Bacterial infections of the liver were also considered. However, very few diseases, such as bacillary hemoglobinuria of cattle and black disease of sheep, produce hepatic lesions similar to those of this goat. These two diseases often are initiated by hepatic damage from helminth migrations, which were absent in this goat. It is possible that the protozoal colonization was sufficient to produce anaerobic conditions and stimulate clostridial exotoxin pro- duction in place of a helminth migration. However, we do not believe that these lesions were produced by Clostridia for the following reasons. Organisms were not isolated from anaerobic cultures of the liver. No bacterial organisms were observed in light microscopic sections of the liver stained with PAS or silver stains. Microscopically, the areas of necrosis lacked zones of neutrophils along margins bordering viable tissues, as is frequently observed in bacillary hemoglobinuria and black disease. And, finally, none of the other lesions frequently associated with bacillary hemoglobinuria (i.e., hemoglobinuria) or black disease (i.e., epicardial and endocardia1 petechia and hydropericardium) were observed. Bacteria recovered from the liver on aerobic culture (Enterococcus sp. and E. coli) were probably postmortem contaminants.
Definitive identification of the coccidia in the intestine and liver of this goat was not possible. The electron microscopic study revealed structures that were characteristic for the phylum Apicomplexa (polar ring, conoid, rhoptries, micronemes, and subpellicular microtubules).6 Certain apicomplexan protozoa known to infect goats were eliminated based on differences in histologic and ultrastructural characteristics. Cryptosporidium meronts are smaller (up to 5 pm in diameter) and occur in subplasmalemmal locations in intestinal epithelial cells. Cystlike stages were not observed as would occur with the two-host coccidians Cystoisospora, Toxoplasma, Neospora, and Besnoitia.6 The asexual stages of Toxoplasma, Neospora, and Hammondia divide by endodyogeny, whereas asexual stages of this organism multiplied by merogony.6
The ultrastructural features shared by the suborder Eimeriorina are such that merozoites of the genera Eimeria, Zsospora, Toxoplasma, and others are nearly indistinguishable. Genera and species of the family Eimeriidae are best differentiated by examining sporulated oocysts, where dif-ferent genera have different numbers of sporocysts and sporozoites, and species are distinguished by the size and morphologic characteristics of the oocysts.6 However, feces were not saved from this case, so approximate oocyst sizes were determined by measurement in formalin-fixed paraffin-embedded tissues, and examination of sporulated oocysts was not possible. The morphology of the sexual and asexual stages observed in this goat was consistent with members of the genus Eimeria. Zsospora, which are taxonomically most similar to Eimeria rarely occur in ruminants and are confined, in mammals, primarily to carnivores.6 For this reason alone, the organisms were thought more likely to be Eimeria and not Zsospora. In the intestine, oocysts were most compatible with E. aubernensis or E. canadensis of bovines. Likewise, in the liver, oocysts were most compatible with E. pallida of sheep or goats or E. alabamensis of bovines.6 It was unknown whether or not the coccidia of the intestine and liver were the same species. There was an approximately twofold size difference between the oocysts of the intestine and the liver. This suggested that the coccidia were of two different species infecting two different locations. However, the organisms may have been of the same species but were of different sizes due to altered growth of coccidia in an aberrant host and/or 10cation.~ It is unclear by which route the coccidia colonized the liver of this goat. Since the gall bladder and extrahepatic bile ducts were not examined microscopically, it is not known whether or not they were also parasitized by coccidia. Although a potential route of hepatic infection is ascending infection from the intestine via bile ducts, lack of duodenal coccidial infestation argues against this, as well as evidence in other species that indicates that a vascular route is probable. In rabbits, Eimeria stiedae is transported from the intestine to the liver via the lymphatics.'O Also, in calves, sheep, and goats with enteric coccidiosis, coccidial schizonts have been reported in mesenteric lymph nodes suggesting the potential for spread of coccidia from compromised intestinal mucosa via lymphatic^.',^ Limited research indicates that coccidia may be transported in the circulation within macrophages. In chickens, macrophages have been implicated in the transport of Eimeria necatrix to the ceca from intramuscular, intraperitoneal, and subcutaneous sites of inoculation.11
We have described a case of naturally occurring hepatic coccidiosis in a goat that also had severe enteric coccidiosis. Coccidia in both the liver and the intestine were morphologically typical of the genus Eimeria; however, the species could not be determined with certainty. The large areas of hepatic necrosis in this goat were unique, differing from the more common gross lesions of biliary enlargement described in most other reports of hepatic coccidiosis in mammals. Therefore, in goats that have large areas of hepatic necrosis and/or that have white nodules or tracts in the hepatic parenchyma, hepatic coccidiosis should be included in the differential diagnosis. Thyroid tumors, especially those arising from C (parafollicular) cells, infrequently occur in most species of domestic animals, but in different degrees from species to species.! Ccell carcinoma is common in bulls! and in some strains of laboratory r a k 3 It has a low rate of occurrence in domestic carnivores! and in human^,^ and it has been rarely found in the ovine species. Three cases have been reported in mouflons (Ovis musimon); two of them referred to captured wild subjects,2 and the third mouflon9 lived in captivity. One case8 has been recognized in sheep from 11 subjects infected by inoculation with bovine leukemia virus. Immunohistochemistry was not performed in the former report^,^^^ and in the latter the cytoskeletal intermediate filaments of the tumor cells were not investigated.* C-cell carcinoma has morphological, biochemical, and cytochemical properties that include it in the Apudoma~.~ Immunohistochemistry is a useful diagnostic tool to identify the histogenesis of tumors with different cellular populations or when these cells are capable of expressing various hormonal or enzymatic products as in neuroendocrine neoplasms. I ! The positive staining for some neuropeptides, cytokeratins, and desmosomal proteins and the negative staining for neurofilament proteins characterizes some neuroen-docrine tumors of the epithelial type. In animals with C-cell tumors, the most investigated antigens have been calcitonin, thyroglobulin and rarely neuron-specific enolase, calcitonin gene-related peptide, and/or intermediate filamenk6
Our study was based on histological and immunohistochemical investigations on a case of C cell carcinoma from a group of six seropositive ewes 18 months after they had been experimentally infected with the Maedi/Visna virus (MVV). At necropsy, samples were taken from organs (lungs, mammary gland, spleen, lymph nodes, liver, heart, kidneys, adrenal glands, thyroid and parathyroid glands, pancreas, brain, and spinal cord) and from articular joints to find out the presence of MW-induced lesions. Simultaneously, explants were carried out for virus isolation.
Samples for light microscopy and immunohistochemistry were fixed in buffered formalin (pH 7.3) and were paraffinembedded. Four-pm sections were stained with hematoxylin and eosin and Congo Red for amyloid (with and without potassium permanganate pretreatment). Immunostaining was done by the avidin-biotin complex (ABC) technique. Briefly, dewaxed sections were treated with 1% hydrogen peroxide in methanol for 30 minutes to inactivate endogenous peroxidase. Sections were then incubated with normal goat or
